A review of the anaesthetic management of children presenting for outpatient tonsillectomy with an American Society of Anesthesiologists physical status 1 or 2 was undertaken following an unexpected rise in unplanned overnight admissions. These admissions had increased from 2.9% in the year June 1995 to July 1996 to 8.5% in June 1996 to July 1997. Persistent vomiting alone was the reason for overnight stay in 6.7% (79% of overnight admissions). There was an increase in perioperative opioid use during this period without changes in criteria for overnight stay, surgical practice, or other perioperative management. As opioids were thought to be the cause of the increased overnight stay rate, their use was voluntarily reduced in the year June 1997 to July 1998. The overnight stay rate for vomiting returned to 3.2%. Opioid analgesics are powerful emetic agents, although there are few data quantifying the magnitude of this effect. A dose-response curve for morphine and vomiting was constructed for children after planned day-stay tonsillectomy.
METHODS
There were 771 children aged between two and 15 years who presented for day-stay tonsillectomy over the year June 1996 to July 1997. The perioperative charts for the day of surgery were reviewed for those anaesthetists (n=7) who administered anaesthesia for more than 20 children. A further anaesthetist who used the laryngeal mask airway rather than endotracheal intubation was excluded.
Children were unpremedicated. Anaesthesia was induced with either propofol or sevoflurane. All children were intubated and breathed spontaneously throughout the surgical procedure. Tonsil dissection was carried out using monopolar coagulation diathermy and any subsequent bleeding was arrested with packing or bipolar diathermy. All children received 20 ml/kg of a balanced salt solution intravenously. Paracetamol suppositories 30 to 40 mg/kg were given following induction. Recovery from anaesthesia occurred in a Post Anaesthetic Care Unit (PACU) before transfer back to the Day-stay Unit where children were nursed for a minimum of four hours before discharge. Once awake and alert, all children were offered flavoured blocks of ice.
Vomiting was defined as any episode of retching with or without expulsion of gastric contents. The morphine doses were identified from anaesthetic and nursing records. All morphine doses were administered within one hour of the start of surgery either during surgery or in PACU. Incremental morphine was administered to children in PACU every five minutes until a pain score of 5/10 or less was achieved. Postoperative pain was assessed using a visual analog scale (0 to 10)
1 . An observer-evaluated pain scale 2, 3 was used in children five years and under. Anaesthetists prescribed the incremental postoperative morphine doses according to personal preference.
Modelling
Morphine dose and the probability of vomiting were related using logistic regression as a linear function of predictors (SAS PROD GENMOD, SAS Institute, Cary, NC) and as a non-linear function using an Emax model 4 . A logit transformation was used for probability estimates P0 and Pmax e.g., Logit P0=Log P0/(1-P0) Logit P=Logit P0+((Logit Pmax* D)/( ED50+D)) where P is the probability of vomiting, P0 is the baseline effect (i.e., probability of vomiting when no morphine has been given), Pmax is the maximal probability of vomiting due to morphine, D is the dose of morphine administered in the perioperative period, ED50 is the morphine dose that induces an effect equivalent to 50% of the logit Pmax. Parameters were estimated using logistic regression with the Laplacian method of the NONMEM program 5 . For each individual, the dependent variable (i.e., vomiting or overnight admission) is either 0 or 1 by definition, for which logit(P) is minus infinity or infinity respectively. The method of analysis uses an iterative procedure whereby the answer is obtained by repeated cycles of calculation using an approach known as maximum likelihood 6 . The Emax model was used to explore the influence of anaesthetic induction agents and anaesthetic maintenance agents on the relationship between vomiting and perioperative morphine use. The quality of fit of the pharmacokinetic model to the data was sought by NONMEM's objective function (a measure of goodness of fit). Improvement in the objective function was referred to the Chi-squared distribution to assess significance at α=0.05. The 95%CI of the ED50 was computed from the log likelihood profile. This was done by fixing the ED50 to values around the final estimate and re-estimating the other parameters. The value of the ED50 associated with a 3.84 unit change (α=0.05) in the objective function defined the confidence interval for the ED50 7 . These analyses were then repeated using data from the children who required overnight stay for persistent vomiting in order to model the effect of morphine on the probability of overnight stay.
RESULTS
Charts were reviewed in 225 children. Morphine (mean 0.09 mg/kg, SD 0.05) was used in 108 children, fentanyl (mean 0.88 µg/kg, SD 0.34) in 48 children and pethidine (mean 0.91 mg/kg, SD 0.36) in 13 children. Fifty-six children were given no opioid. In the fentanyl group, 4 (8%) vomited postoperatively, two (4%) requiring an overnight stay for vomiting. In the pethidine group, three (23%) children vomited postoperatively, two of whom were admitted overnight (15%).
Further analysis was performed on those children given morphine or no opioid analgesia (n=164). Of these 164, there were 55 children who vomited (33%), of whom 20 were admitted for this complication (12%). These children had a mean age of 7.0 (SD 3.6) years and a mean weight of 29.4 (SD 16.5) kg. The mean incremental morphine dose given in PACU was 0.08 (SD 0.05) mg/kg. Anaesthetic induction was with intravenous propofol in 40 and inhaled sevoflurane in 124. Anaesthesia was maintained with halothane in 105, isoflurane in 34 and sevoflurane in 25 children. Nitrous oxide was used in all children. Prophylactic antiemetic drugs were not used. Children who vomited were given metoclopramide 0.15 (SD 0.05) mg/kg. Serotonin (5-HT 3 ) antagonists were not used during the study period.
The odds ratio for vomiting for a dose of 0.1 mg/kg morphine compared with no morphine use was 4.48 (95% CI 2.3, 8.7), by logistic regression with a linear function of predictors (SAS PROD GENMOD). The odds ratio of overnight stay for vomiting at the dose of 0.1 mg/kg was 4.0 (95% CI 1.7, 9.4).
Pharmacodynamic parameter estimates for the Emax model, relating the probability of vomiting to morphine dose, are shown in Table 1 . Figure 1 shows the probability of vomiting with increasing morphine dose using both the linear and non-linear models. Demonstration of the goodness of fit of the observations to the predictions is difficult because observed data values are either 0 or 1 (i.e, either vomit or not vomit). Scatter plots, used to plot the residuals with linear and non-linear regression analyses, are not possible with such data. A simplistic approach of dividing the data into 0.03 mg/kg morphine dose groups was adopted 6 . These data are plotted as "observations" in Figures 1 and 3 . The incidence of vomiting or overnight stay grouped by morphine dose in 0.03 mg/kg increments (up to 0.18, which includes two patients with greater than 0.2 mg/kg dose) is shown in Table 2 .
The 95% confidence interval (0.027 to 0.67 mg/kg) for estimation of the ED50 parameter is shown graphically in Figure 2 . The use of propofol for induction of anaesthesia was associated with reduced postoperative vomiting (Table 3 , P=0.02). This effect was insufficient to warrant inclusion of induction P0 is the baseline effect (i.e., probability of event when no morphine has been given); Pmax is the maximal probability of event attributable to the drug; ED50 is the morphine dose that induces an effect equivalent to 50% of the logit Pmax. Figure 3 shows the probability of admission for vomiting with increasing morphine dose. The log likelihood profile for the ED50 for overnight admission is shown next to that for vomiting in Figure 2 . The 95% confidence interval was 0.036 to 0.92 mg/kg. There was no effect attributable to either induction agent or anaesthetic maintenance agent.
DISCUSSION
A single dose of morphine sulphate 0.1 mg/kg increases the incidence of vomiting from 25% to 56% after outpatient inguinal surgery in children 8 , but there are few reported data quantifying the doseeffect relationship for morphine and emesis. We describe a dose-effect relationship for this complication after tonsillectomy. Logistic regression was used to explore this dose-effect relationship and the influence that anaesthetic agents have on this relationship. Logistic regression is a type of nonlinear regression in which the dependent variable is dichotomous (e.g., vomiting is either present or not) and independent variables are either continuous (e.g., morphine dose) or dichotomous (e.g., induction agent). This technique has been used in anaesthesia to examine the incidence of apnoea in former preterm infants after inguinal herniorrhaphy 9 and the MAC of inhaled anaesthetics 10 . Both the linear and non-linear models described the observations equally well within the clinical dose range of 0 to 0.2 mg/kg. These relationships are shown in Figure 1 , along with a simplification of the "observations" obtained by dividing the data into discrete morphine doses. The goodness of fit of such "observations" to the predictions is sensitive to the grouping of morphine doses chosen 11 . These are not the data that were analysed, but rather hybrid "observations" that are highly dependent on the morphine groups used: e.g., if morphine doses were grouped as 0.01 mg/kg increments rather than as 0.03 mg/kg increments, then these "observations" would look quite different. In addition each "observation" has unequal weighting. There are more children in the lower dose increments ( Table 2) .
The probabilities of vomiting at a dose of 0.05 mg/kg and 0.1 mg/kg were approximately 30% and 50% respectively in both models. However, an Emax model has greater biological validity than a linear model l4 . It incorporates the "law of diminishing returns", reflecting the ever-higher concentrations required to increase the effect by a given amount. The model uses the parameters P0, ED50 and Pmax to describe the shape of the dose-response curve. The baseline incidence of vomiting was 11.5 (S.E. 3.9)%. The ED50 (0.18 mg/kg), which describes the dose that induces an effect equivalent to 50% of the logit of Pmax, is different from that dose at which 50% of children were predicted to vomit (0.1 mg/kg). Few children were given morphine doses greater than 0.25 mg/kg; consequently it is difficult to estimate the Pmax parameter with certainty.
Although respiratory depression is a major clinical concern after intravenous morphine in children, nausea and vomiting are more common causes of significant morbidity after tonsillectomy. Vomiting after tonsillectomy has a reported incidence of over 50% [12] [13] [14] when anaesthesia is supplemented with opioids, including codeine, pethidine and morphine. The specific aetiology of vomiting after tonsillectomy is unknown and is probably multifactorial. Factors known to influence this are the anaesthetic agent used, opioid administration, surgical technique, perioperative fluid management, antiemetic usage, gastric distension, patient age, gender and pain 15 . All patients in this study had a similar surgical technique and fluid management.
The antiemetic properties of propofol on early postoperative nausea and vomiting have been well described [16] [17] [18] . We demonstrated a reduced emesis when propofol was used for induction (Chi-square, P=0.02). A trend towards reduced emesis with propofol was also seen when logistic regression was used, but did not quite reach statistical significance. The Chi-square analysis has potential to be misleading because of confounding factors such as the morphine dose distribution or other anaesthetic drugs used within the two groups. The frequency of emesis after anaesthetic maintenance with isoflurane is reported as less than after halothane or enflurane 19, 20 . Swallowed blood has long been suspected of being a significant contributing factor to postoperative vomiting following tonsillectomy. We were unable to investigate this covariate.
Postoperative pain in children may be controlled with intravenous morphine 0.05 to 0.15 mg/kg [21] [22] [23] . There is variation in opioid requirements depending on the nature of the surgical insult. Morphine requirements after tonsillectomy are less than after lateral thoracotomy (mean initial dose 0.23 mg/kg) 24 or lower extremity orthopaedic surgery (0.17 mg/kg) 25 . Children in PACU often exhibit distress. In a general survey in a paediatric institution, 39% of all children admitted to PACU showed distressed behaviour on awakening, but pain was considered a contributing factor in only 7.6% 26 . The distinction between distressed behaviour and pain is often difficult. Subjective scoring systems can have poor discriminating capacity 27 . As a consequence children may be given opioids for their sedative qualities. Morphine's effect site equilibration half-time in adults is 15 to 20 min 28 : there are no paediatric data. This suggests that morphine administered incrementally for postoperative analgesia may often be given too quickly, resulting in a larger than required dose being given and an increase in postoperative nausea and vomiting.
Exploration using the Emax model suggested that a dose of 0.1 mg/kg resulted in an overnight admission rate of 10%. However, data available for this analysis were few and the 95% confidence intervals for the ED50 in this model were larger than those for vomiting ( Figure 2) . The imprecision and bias in the ED50, which was greater than usual clinical doses, was further influenced by our inability to measure an effect intensity greater than 40% of an assumed Emax of 0.999. Dutta et al 29 have questioned the reliability of such theoretical Emax model parameter estimates when truncated data typical of clinical studies is used. Further work is required to delineate the ED50 for overnight stay with confidence.
Intravenous morphine 0.1 mg/kg produces satisfactory analgesia for tonsillectomy, but the 50% incidence of vomiting predicted could be considered clinically unacceptable. Routine antiemetic prophylaxis decreases the incidence of vomiting 15 . Satisfactory analgesia after tonsillectomy can be achieved using non-opioid analgesia, either using paracetamol alone in larger doses than commonly used 30, 31 , or in combination with non-steroidal anti-inflammatory drugs 32 . The dose of morphine should be chosen to optimize the benefit of analgesia against the risks of adverse effects. A morphine dose as high as 0.1 mg/kg may not be necessary if it is used in combination with either nonsteroidal anti-inflammatory drugs or paracetamol. A morphine-sparing effect of paracetamol has been demonstrated in adults after gynaecological surgery 33 and orthopaedic surgery 34 . In addition, Schug et al 35 have suggested that a combination of paracetamol and morphine results in an improved quality of pain relief and patient satisfaction compared to the use of morphine alone.
